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(54) WASTE HEAT UTILIZATION DEVICE FOR INTERNAL COMBUSTION ENGINE

(57) A Rankine cycle (6) of a waste heat utilization
device includes a circulation path (7) for circulating a
working fluid therethrough, an evaporator (12) for caus-
ing heat to transfer from cooling water delivered from an
internal combustion engine (2) to the working fluid to
evaporate the working fluid, a superheater (10) for caus-
ing heat to transfer from the cooling water delivered from
an exhaust gas heat exchanger (8) to the working fluid
delivered from the evaporator to superheat the working
fluid, an expander (22) for expanding the working fluid
delivered from the superheater to produce driving force,
a condenser (24) for condensing the working fluid deliv-
ered from the expander, and a pump (28) for feeding the
working fluid delivered from the condenser to the evap-
orator. The evaporator, the superheater, the expander,
the condenser and the pump are successively inserted
in the working fluid circulation path.
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Description

Technical Field

[0001] The present invention relates to waste heat uti-
lization devices for internal combustion engines, and
more particularly, to a waste heat utilization device suited
for use with an internal combustion engine mounted on
a motor vehicle.

Background Art

[0002] A waste heat utilization device for an internal
combustion engine is mounted on a motor vehicle, for
example. This type of waste heat utilization device is pro-
vided with a Rankine cycle including a circulation path
for circulating a refrigerant as a working fluid there-
through, and an evaporator for heating the refrigerant by
means of waste heat of the engine of the vehicle, an
expander for expanding the refrigerant delivered from
the evaporator to produce driving force, a condenser for
condensing the refrigerant delivered from the expander
and a pump for pressurizing the refrigerant delivered from
the condenser to be fed to the evaporator are succes-
sively inserted in the circulation path. The Rankine cycle
recovers the waste heat from the engine.
[0003] A heat engine has been disclosed in which eth-
ylene glycol is used as an intermediate medium for ab-
sorbing waste heat of the cylinder block of the engine as
well as waste heat of the exhaust gas so that the heat
absorbed by the ethylene glycol may be transferred to
the refrigerant (see Patent Document 1, for example).
[0004] Also, a technique has been disclosed in which
a cooling water circuit using LLC as engine cooling water
is provided and an exhaust gas heat exchanger for trans-
ferring heat from the exhaust gas to the LLC is inserted
in the circulation path of the cooling water circuit (see
Patent Document 2, for example).

Prior Art Literature

Patent Documents

[0005]

Patent Document 1: Japanese Examined Patent
Publication No. 62-39652
Patent Document 2: Japanese Laid-open Patent
Publication No. 2006-232006

Summary of the Invention

Problems to be Solved by the Invention

[0006] Generally, the ratio of the amount of waste heat
of the engine cylinder block to the amount of waste heat
of the exhaust gas is approximately 2:1 to 4:1.
[0007] In the above conventional techniques, howev-

er, the total amount of ethylene glycol or LLC sufficient
to absorb the larger amount of waste heat from the cyl-
inder block is made to flow through the exhaust gas heat
exchanger, posing a problem that the temperature of the
intermediate medium or cooling water rises only to a lim-
ited extent in the exhaust gas heat exchanger.
[0008] Also, since the total amount of ethylene glycol
or LLC is caused to flow through the exhaust gas heat
exchanger, another problem arises in that the pressure
loss of the intermediate medium or cooling water in the
exhaust gas heat exchanger is large.
[0009] Further, the ethylene glycol or LLC heated in
the exhaust gas heat exchanger is used chiefly to evap-
orate the refrigerant, so that the refrigerant is insufficient-
ly superheated and expanded to form a two-phase flow,
possibly lowering the regeneration efficiency.
[0010] Generally, the cooling water circuit is provided
with a cooling water pump driven by the engine to circu-
late the cooling water through the cooling water circula-
tion path. When the cooling water pump is stopped be-
cause of stoppage of the engine, however, the cooling
water remains in the exhaust gas heat exchanger and is
possibly heated by the residual heat of the exhaust gas
to an extent such that the cooling water present in the
exhaust gas heat exchanger boils and produces high
pressure, possibly damaging the cooling water circuit and
thus the waste heat utilization device.
[0011] The present invention was created in view of
the above circumstances, and an object thereof is to pro-
vide a waste heat utilization device for an internal com-
bustion engine whereby the amount of heat recovered
by a Rankine cycle and thus the amount of energy re-
covered by the waste heat utilization device can be easily
and reliably increased while ensuring operation reliability
of the waste heat utilization device.

Means for Solving the Problems

[0012] To achieve the object, a waste heat utilization
device for an internal combustion engine according to
claim 1 comprises: a cooling water circuit including a cir-
culation path for circulating cooling water therethrough
via the engine, and an exhaust gas heat exchanger in-
serted in the circulation path to cause heat to transfer
from exhaust gas discharged from the engine to part of
the cooling water which has been heated while cooling
a body of the engine, to additionally heat the cooling wa-
ter; and a Rankine cycle including a circulation path for
circulating a working fluid therethrough, an evaporator
for causing heat to transfer from the cooling water deliv-
ered from the engine to the working fluid to evaporate
the working fluid, a superheater for causing heat to trans-
fer from the cooling water delivered from the exhaust gas
heat exchanger to the working fluid delivered from the
evaporator to superheat the working fluid, an expander
for expanding the working fluid delivered from the super-
heater to produce driving force, a condenser for condens-
ing the working fluid delivered from the expander, and a
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pump for feeding the working fluid delivered from the con-
denser to the evaporator, wherein the evaporator, the
superheater, the expander, the condenser and the pump
are successively inserted in the working fluid circulation
path.
[0013] According to claim 2, in the waste heat utiliza-
tion device of claim 1, the cooling water circuit further
includes flow rate control means for causing the cooling
water delivered from the engine to directly flow into the
evaporator while bypassing the exhaust gas heat ex-
changer and the superheater, to regulate a flow rate of
the cooling water flowing into the exhaust gas heat ex-
changer.
[0014] According to claim 3, in the waste heat utiliza-
tion device of claim 2, the cooling water circuit further
includes temperature detection means for detecting cool-
ing water temperature at an outlet of the exhaust gas
heat exchanger, and the flow rate control means regu-
lates the flow rate of the cooling water flowing into the
exhaust gas heat exchanger in accordance with the cool-
ing water temperature detected by the temperature de-
tection means.
[0015] According to claim 4, in the waste heat utiliza-
tion device of claim 3, the flow rate control means in-
creases the flow rate of the cooling water flowing into the
exhaust gas heat exchanger when the cooling water tem-
perature detected by the temperature detection means
is higher than or equal to a preset temperature, and de-
creases the flow rate of the cooling water flowing into the
exhaust gas heat exchanger when the cooling water tem-
perature detected by the temperature detection means
is lower than the preset temperature.
[0016] According to claim 5, in the waste heat utiliza-
tion device of claim 4, the expander is coupled with an
electricity generator for converting the driving force pro-
duced by the expander to electric power, and the flow
rate control means includes target temperature setting
means for setting, as the preset temperature, a cooling
water temperature corresponding to a predetermined tar-
get electricity generation amount, in accordance with a
characteristic relation between the cooling water temper-
ature detected by the temperature detection means and
an amount of electric power generated by the electricity
generator.
[0017] According to claim 6, in the waste heat utiliza-
tion device of claim 5, the target temperature setting
means sets, as the preset temperature, a temperature
lower than a deposition temperature of an additive added
to the cooling water.
[0018] According to claim 7, in the waste heat utiliza-
tion device of claim 6, the exhaust gas heat exchanger
includes a first heat exchange section and a second heat
exchange section successively arranged along a flowing
direction of the cooling water, the temperature detection
means detects the cooling water temperature at an outlet
of the first heat exchange section, and the cooling water
circuit further includes gas-liquid separation means in-
serted between the first and second heat exchange sec-

tions for separating out a vapor produced as a result of
evaporation of the cooling water in the first heat exchange
section and for delivering the separated vapor to an inlet
of the second heat exchange section.
[0019] According to claim 8, in the waste heat utiliza-
tion device of claim 4, the cooling water circuit further
includes a cooling water pump driven by the engine to
circulate the cooling water through the cooling water cir-
culation path, and the flow rate control means includes
a bypass passage branching off from a first passage con-
stituting part of the cooling water circulation path and
connecting between the engine and the exhaust gas heat
exchanger, to allow the cooling water delivered from the
engine to directly flow into the evaporator while bypass-
ing the exhaust gas heat exchanger and the superheater,
and a linear pump inserted in a portion of the first passage
closer to the exhaust gas heat exchanger than a branch-
ing point from which the bypass passage diverges, the
linear pump being configured to be driven linearly in ac-
cordance with the cooling water temperature detected
by the temperature detection means, wherein rotating
speed of the linear pump is increased when the cooling
water temperature detected by the temperature detection
means is higher than or equal to the preset temperature,
and is decreased when the cooling water temperature
detected by the temperature detection means is lower
than the preset temperature.
[0020] According to claim 9, in the waste heat utiliza-
tion device of claim 8, the cooling water circuit further
includes a second passage constituting part of the cool-
ing water circulation path and connecting between the
superheater and the evaporator, and a pressure reducing
valve inserted in the second passage.
[0021] According to claim 10, in the waste heat utiliza-
tion device of claim 9, the cooling water circuit further
includes a check valve inserted in a portion of the first
passage closer to the exhaust gas heat exchanger than
the linear pump is, for preventing reverse flow of the cool-
ing water from the exhaust gas heat exchanger toward
the linear pump.

Advantageous Effects of the Invention

[0022] In the waste heat utilization device according
to claim 1, the Rankine cycle includes the evaporator for
causing heat to transfer from the cooling water delivered
from the engine to the working fluid to evaporate the work-
ing fluid, and the superheater for causing heat to transfer
from the cooling water delivered from the exhaust gas
heat exchanger to the working fluid delivered from the
evaporator, to superheat the working fluid. Thus, the
working fluid is evaporated by the waste heat of the en-
gine body and then superheated by the waste heat of the
exhaust gas, whereby the degree to which the working
fluid is superheated in the Rankine cycle is heightened,
making it possible to increase the amount of energy re-
covered by the waste heat utilization device.
[0023] In the waste heat utilization device according
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to claim 2, the cooling water circuit includes the flow rate
control means for causing the cooling water delivered
from the engine to directly flow into the evaporator while
bypassing the exhaust gas heat exchanger and the su-
perheater, to regulate the flow rate of the cooling water
flowing into the exhaust gas heat exchanger. Thus, by
carrying out a simple control operation to reduce the flow
rate of the cooling water flowing into the exhaust gas heat
exchanger, it is possible to significantly raise the temper-
ature of the cooling water flowing into the superheater,
whereby the degree to which the working fluid is super-
heated in the Rankine cycle can be effectively height-
ened.
[0024] In the waste heat utilization device according
to claim 3, the flow rate control means regulates the flow
rate of the cooling water flowing into the exhaust gas heat
exchanger in accordance with the cooling water temper-
ature detected by the temperature detection means. It is
therefore possible to avoid a situation where the flow rate
of the cooling water flowing into the exhaust gas heat
exchanger is so small that the temperature of the cooling
water flowing into the superheater becomes excessively
high, or the flow rate of the cooling water flowing into the
exhaust gas heat exchanger is so large that the temper-
ature of the cooling water flowing into the superheater
becomes excessively low, thus making it possible to ef-
ficiently heighten the degree of superheating of the work-
ing fluid in the Rankine cycle.
[0025] In the waste heat utilization device according
to claim 4, the flow rate control means increases the flow
rate of the cooling water flowing into the exhaust gas heat
exchanger when the cooling water temperature detected
by the temperature detection means is higher than or
equal to the preset temperature, and decreases the flow
rate of the cooling water flowing into the exhaust gas heat
exchanger when the cooling water temperature detected
by the temperature detection means is lower than the
preset temperature.
[0026] In the waste heat utilization device according
to claim 5, the flow rate control means includes the target
temperature setting means for setting, as the preset tem-
perature, a cooling water temperature corresponding to
the predetermined target electricity generation amount,
in accordance with the characteristic relation between
the cooling water temperature detected by the tempera-
ture detection means and the amount of electric power
generated by the electricity generator. This makes it pos-
sible to set, as the preset temperature, a cooling water
temperature up to which the electricity generation
amount sharply increases with increase in the cooling
water temperature, that is, high electricity generation ef-
ficiency is achieved, whereby the amount of electricity
generated by the electricity generator and thus the
amount of energy recovered by the waste heat utilization
device can be increased more efficiently.
[0027] In the waste heat utilization device according
to claim 6, the target temperature setting means sets, as
the preset temperature, a temperature lower than the

deposition temperature of the additive added to the cool-
ing water. Since the additive is therefore not deposited
inside the exhaust gas heat exchanger, lowering in the
heat transfer performance of the exhaust gas heat ex-
changer due to deposition of the additive as well as low-
ering in corrosion inhibition performance of the cooling
water can be prevented, making it possible to reliably
increase the energy recovery amount of the waste heat
utilization device.
[0028] In the waste heat utilization device according
to claim 7, the cooling water circuit further includes the
gas-liquid separation means inserted between the first
and second heat exchange sections for separating out
the vapor produced as a result of evaporation of the cool-
ing water in the first heat exchange section and for de-
livering the separated vapor to the inlet of the second
heat exchange section. Since the liquid containing the
additive does not flow into the second heat exchange
section, the cooling water, that is, the vapor of the cooling
water can be superheated in the second heat exchange
section to temperatures above the deposition tempera-
ture of the additive, making it possible to further heighten
the degree to which the working fluid is superheated in
the Rankine cycle.
[0029] In the waste heat utilization device according
to claim 8, the flow rate control means includes the by-
pass passage branching off from the first passage con-
stituting part of the cooling water circulation path and
connecting between the engine and the exhaust gas heat
exchanger, to allow the cooling water delivered from the
engine to directly flow into the evaporator while bypass-
ing the exhaust gas heat exchanger and the superheater,
and the linear pump inserted in a portion of the first pas-
sage closer to the exhaust gas heat exchanger than the
branching point from which the bypass passage diverg-
es, the linear pump being configured to be driven linearly
in accordance with the cooling water temperature detect-
ed by the temperature detection means, wherein the ro-
tating speed of the linear pump is increased when the
cooling water temperature detected by the temperature
detection means is higher than or equal to the preset
temperature, and is decreased when the cooling water
temperature detected by the temperature detection
means is lower than the preset temperature. Thus, even
when the cooling water pump is stopped because of stop-
page of the engine, the linear pump can be operated, in
place of the cooling water pump, to circulate the cooling
water through the exhaust gas heat exchanger if the tem-
perature of the cooling water present in the exhaust gas
heat exchanger is higher than or equal to the preset tem-
perature. It is therefore possible to prevent the exhaust
gas heat exchanger from being excessively heated by
the residual heat of the exhaust gas because the cooling
water pump is stopped and thus the cooling water is not
passed through the exhaust gas heat exchanger, where-
by damage to the exhaust gas heat exchanger is avoided.
Since the exhaust gas heat exchanger, the cooling water
circuit and accordingly, the waste heat utilization device
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can be protected as a result, operation reliability of the
waste heat utilization device is ensured.
[0030] In the waste heat utilization device according
to claim 9, the cooling water circuit further includes the
second passage constituting part of the cooling water
circulation path and connecting between the superheater
and the evaporator, and the pressure reducing valve in-
serted in the second passage. Thus, even if the cooling
water boils while the linear pump is operating, the boiling
cooling water is condensed by the superheater and then
is delivered to the evaporator after the pressure thereof
is reduced by the pressure reducing valve. Accordingly,
the design of circuit withstanding pressure, which has to
be based on the assumption that the cooling water boils
in the exhaust gas heat exchanger, is needed only for a
segment of the circulation path extending from the linear
pump to the pressure reducing valve and including the
exhaust gas heat exchanger and the superheater. Since
the cooling water circuit and thus the waste heat utiliza-
tion device can be protected with ease, the operation
reliability of the waste heat utilization device can be easily
secured.
[0031] In the waste heat utilization device according
to claim 10, the cooling water circuit further includes the
check valve inserted in a portion of the first passage clos-
er to the exhaust gas heat exchanger than the linear
pump is, for preventing reverse flow of the cooling water
from the exhaust gas heat exchanger toward the linear
pump. Thus, even if the cooling water pump is stopped
because of stoppage of the engine and also if the linear
pump is stopped while the cooling water present in the
exhaust gas heat exchanger is boiling due to the residual
heat of the exhaust gas, the boiling cooling water is reli-
ably prevented from flowing from the exhaust gas heat
exchanger back to the linear pump. Since the cooling
water circuit and thus the waste heat utilization device
can be reliably protected, the operation reliability of the
waste heat utilization device can be secured with certain-
ty.

Brief Description of the Drawings

[0032]

FIG. 1 is a schematic diagram illustrating a waste
heat utilization device for an internal combustion en-
gine according to a first embodiment of the present
invention.
FIG. 2 is a flowchart illustrating a flow rate control
routine executed by an ECU shown in FIG. 1.
FIG. 3 is a characteristic diagram illustrating the re-
lationship among a ratio R (%) of the flow rate Fe of
cooling water flowing into an exhaust gas heat ex-
changer to a total flow rate, cooling water tempera-
ture Tc (°C) detected by a temperature sensor, and
a target electricity generation amount (electricity
generation amount) E (W) generated by an electricity
generator.

FIG. 4 is a schematic diagram illustrating a waste
heat utilization device for an internal combustion en-
gine according to a second embodiment of the
present invention.
FIG. 5 is a schematic diagram illustrating a waste
heat utilization device for an internal combustion en-
gine according to a third embodiment of the present
invention.
FIG. 6 is a schematic diagram illustrating a waste
heat utilization device for an internal combustion en-
gine according to a fourth embodiment of the present
invention.
FIG. 7 is a schematic diagram illustrating a waste
heat utilization device for an internal combustion en-
gine according to a fifth embodiment of the present
invention.

Mode of Carrying out the Invention

[0033] Embodiments of the present invention will be
hereinafter described with reference to the accompany-
ing drawings. A first embodiment will be explained first.
[0034] FIG. 1 schematically illustrates an exemplary
waste heat utilization device for an internal combustion
engine. The waste heat utilization device is mounted on
a motor vehicle, for example, and comprises a cooling
water circuit 4 for cooling an engine (internal combustion
engine) 2 of the vehicle, and a Rankine cycle 6 (herein-
after referred to as RC circuit) for recovering waste heat
of the engine 2.
[0035] The cooling water circuit 4 includes a circulation
path 5 extending via the engine 2 for circulating cooling
water (hereinafter referred to also as LLC) therethrough.
An exhaust gas heat exchanger 8, a superheater 10, an
evaporator 12, a radiator 14, a thermostat 16 and a cool-
ing water pump 18 are successively inserted in the cir-
culation path 5 along the flowing direction of the cooling
water to constitute a closed circuit.
[0036] The exhaust gas heat exchanger 8 transfers
heat from exhaust gas, which is discharged into an ex-
haust pipe 9 from the engine 2, to the cooling water (e.g.,
at 95°C), which is delivered from the engine 2 and has
been heated while cooling a cylinder block (engine body)
3 of the engine 2, to additionally heat the cooling water
up to a preset temperature Ts (e.g., 130°C) so that the
cooling water may boil.
[0037] A temperature sensor (temperature detection
means) 20 is attached to a portion of the circulation path
5 between the exhaust gas heat exchanger 8 and the
superheater 10, to detect cooling water temperature Tc
at the outlet of the exhaust gas heat exchanger 8.
[0038] The radiator 14 is connected in series with the
evaporator 12 and transfers heat from the cooling water,
which has been cooled due to the absorption of heat by
a refrigerant in the evaporator 12, to outside air or the
like, in order to further cool the cooling water.
[0039] The thermostat 16 is a mechanical three-way
valve for controlling the amount of the cooling water flow-
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ing into the radiator 14 in accordance with the tempera-
ture of the cooling water flowing through the thermostat
16. The thermostat 16 has two inlet ports and one outlet
port. The two inlet ports are connected respectively with
a passage 5a of the circulation path 5 extending from the
radiator 14 and a radiator-bypassing passage 5c of the
circulation path 5. The radiator-bypassing passage 5c
extends from a passage 5b of the circulation path 5 con-
necting between the evaporator 12 and the radiator 14
and is connected to the thermostat 16 so as to bypass
the radiator 14. The amount of the cooling water passed
through the radiator 14 is increased or decreased in ac-
cordance with the cooling water temperature so that the
cooling water temperature and thus the temperature of
the cylinder block 3 may be kept at a proper temperature.
[0040] The cooling water pump 18, which is a mechan-
ical pump, is mounted to the engine 2 and driven by the
rotation of the engine 2 so that the cooling water may be
appropriately circulated through the cooling water circuit
4.
[0041] The RC circuit 6, on the other hand, includes a
circulation path 7 for circulating the refrigerant serving
as a working fluid, such as R134a. The evaporator 12,
the superheater 10, an expander 22, a condenser 24, a
gas-liquid separator 26 and a refrigerant pump (pump)
28 are successively inserted in the circulation path 7
along the flowing direction of the refrigerant to constitute
a closed circuit.
[0042] The evaporator 12 transfers heat from the cool-
ing water (e.g., at 110°C) circulated successively through
the engine 2, the exhaust gas heat exchanger 8 and the
superheater 10, to the refrigerant fed under pressure
from the refrigerant pump 28, to cause the refrigerant to
evaporate at a predetermined evaporation temperature
(e.g., 90°C). Since the heat of the cooling water is ab-
sorbed due to the evaporation of the refrigerant, the cool-
ing water temperature drops, for example, to 100°C.
[0043] The superheater 10 transfers heat from the
cooling water (130°C) delivered from the exhaust gas
heat exchanger 8, to the refrigerant delivered from the
evaporator 12 so that the refrigerant may be superheated
(e.g., at 110°C).
[0044] The expander 22 is a rotating device for pro-
ducing a driving force by expanding the superheated re-
frigerant delivered from the superheater 10. The expand-
er 22 is mechanically coupled with an electricity gener-
ator 30, which converts the driving force produced by the
expander 22 to electric power so that the generated elec-
tric power may be used by devices external to the waste
heat utilization device.
[0045] The condenser 24 is a heat radiator for trans-
ferring heat from the refrigerant delivered from the ex-
pander 22 to the outside air or the like, to condense the
refrigerant into a liquid phase.
[0046] The gas-liquid separator 26 separates the re-
frigerant condensed by the condenser 24 into two, gas
and liquid phases and supplies only the separated liquid-
phase refrigerant to the refrigerant pump 28.

[0047] The refrigerant pump 28 pressurizes the liquid-
phase refrigerant separated by the gas-liquid separator
26 and feeds the refrigerant under pressure to the evap-
orator 12 so that the refrigerant may be appropriately
circuited through the RC circuit 6.
[0048] The cooling water circuit 4 and the RC circuit 6
configured as described above are controlled by an ECU
32, which is an electronic control unit for performing in-
tegrated control of the vehicle. The ECU 32 is electrically
connected with the driving section of the refrigerant pump
28.
[0049] The ECU 32 controls the operation of the refrig-
erant pump 28 in accordance with operating conditions
of the engine 2, so that the waste heat utilization device
recovers waste heat of the engine 2, that is, waste heat
of the cylinder block 3 and waste heat of the exhaust gas,
through the medium of the cooling water. In the RC circuit
6, the refrigerant is evaporated in the evaporator 12 by
the waste heat of the cylinder block 3 and then is super-
heated in the superheater 10 by the heat of the exhaust
gas. The refrigerant thus heated in stages into a super-
heated state is supplied to the expander 22 so that the
electricity generator 30 may generate energy available
to devices external to the waste heat utilization device.
[0050] The cooling water circuit 4 includes a bypass
passage 34, which allows the cooling water from the en-
gine 2 to flow directly into the evaporator 12 while by-
passing the exhaust gas heat exchanger 8 and the su-
perheater 10.
[0051] A flow regulating valve 36 is inserted in the by-
pass passage 34 to regulate the flow rate of the cooling
water flowing through the bypass passage 34, and has
a driving section electrically connected to the ECU 32.
The aforementioned temperature sensor 20 is also elec-
trically connected to the ECU 32.
[0052] In accordance with the input signal from the
temperature sensor 20, the ECU 32 outputs a drive signal
to the driving section of the flow regulating valve 36, to
perform flow rate control by regulating the flow rate of
the cooling water flowing through the bypass passage
34 and thereby controlling the flow rate of the cooling
water flowing into the exhaust gas heat exchanger 8 (flow
rate control means).
[0053] Referring now to the flowchart of FIG. 2, a con-
trol routine for the flow rate control will be explained.
[0054] Upon start of the flow rate control, the control
routine first proceeds to S1, in which it is determined
whether or not the cooling water temperature Tc detected
by the temperature sensor 20 indicates a value higher
than or equal to the preset temperature Ts (Tc ≥ Ts). If
the result of the decision is affirmative (Yes), that is, if it
is judged that the relation Tc ≥ Ts is fulfilled, the control
routine proceeds to S2. On the other hand, if the result
of the decision is negative (No), that is, if it is judged that
the relation Tc ≥ Ts is not fulfilled, the control routine
proceeds to S3.
[0055] In S2, the flow regulating valve 36 is driven in
the valve closing direction, whereupon the control routine
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returns.
[0056] On the other hand, in S3, the flow regulating
valve 36 is driven in the valve opening direction, where-
upon the control routine returns.
[0057] In this manner, according to the flow rate con-
trol, the opening of the flow regulating valve 36 is con-
trolled such that the flow rate Fe of the cooling water
flowing into the exhaust gas heat exchanger 8 is in-
creased when the cooling water temperature Tc detected
by the temperature sensor 20 is higher than or equal to
the preset temperature Ts. On the other hand, when the
cooling water temperature Tc detected by the tempera-
ture sensor 20 is lower than the preset temperature Ts,
the flow rate Fe of the cooling water flowing into the ex-
haust gas heat exchanger 8 is decreased.
[0058] FIG. 3 is a characteristic diagram illustrating the
relationship among the ratio R (%) of the flow rate Fe to
a total flow rate F of the cooling water delivered from the
engine 2, the cooling water temperature Tc (°C) detected
by the temperature sensor 20, and the amount of elec-
tricity E (W) generated by the electricity generator 30.
[0059] In the aforementioned flow rate control, the pre-
set temperature Ts is determined on the basis of the char-
acteristic diagram as a cooling water temperature Tc cor-
responding to a predetermined electricity generation
amount E (target temperature setting means).
[0060] Specifically, the characteristic diagram of FIG.
3 shows that the electricity generation amount E sharply
increases as the cooling water temperature Tc rises up
to about 120°C, and that after the cooling water temper-
ature Tc becomes higher than about 120°C, the electricity
generation amount E increases only gently with increase
in the cooling water temperature Tc.
[0061] Also, the cooling water contains additives serv-
ing as a corrosion inhibitor, such as phosphoric acids,
carboxylic acids, triazoles and silicates. If the flow ratio
R is close to 0%, in other words, if the LLC completely
evaporates, the corrosion inhibitor is undesirably depos-
ited.
[0062] Thus, in the flow rate control according to the
present invention, a target value of the electricity gener-
ation amount E is set to about 740 (W), and the flow
regulating valve 36 is controlled such that the flow ratio
R is approximately 11% when the cooling water temper-
ature Tc detected by the temperature sensor 20 is equal
to the preset temperature Ts of 130°C, which is higher
than the cooling water temperature Tc of 120°C to allow
an appropriate margin.
[0063] As described above, according to the first em-
bodiment, the refrigerant is evaporated by the waste heat
of the cylinder block 3 and is then superheated by the
waste heat of the exhaust gas. This permits the RC circuit
6 to efficiently heat a larger amount of refrigerant in stag-
es into a superheated state, thus making it possible to
enhance the degree of superheating of the refrigerant
and increase the amount of energy recovered by the
waste heat utilization device.
[0064] Also, in the above flow rate control, the cooling

water temperature Tc at the outlet of the exhaust gas
heat exchanger 8, in other words, the temperature of the
cooling water flowing into the superheater 10, can be
substantially increased up to 130°C by a simple control
operation in which the ratio of the flow rate Fe of the
cooling water flowing into the exhaust gas heat exchang-
er 8 to the total flow rate F is reduced to about 11%.
Accordingly, the degree to which the refrigerant is super-
heated in the RC circuit 6 can be effectively heightened.
[0065] Further, according to the aforementioned flow
rate control, the flow rate Fe of the cooling water flowing
into the exhaust gas heat exchanger 8 is controlled in
accordance with the cooling water temperature Tc de-
tected by the temperature sensor 20, so that a situation
can be avoided where the flow rate Fe is so small that
the temperature Tc of the cooling water flowing into the
superheater 10 becomes excessively high or where the
flow rate Fe is so large that the temperature Tc of the
cooling water flowing into the superheater 10 becomes
excessively low. Also for this reason, the degree to which
the refrigerant is superheated in the RC circuit 6 can be
efficiently heightened.
[0066] Furthermore, in the above flow rate control, the
cooling water temperature Tc of 130°C is determined, on
the basis of the characteristic diagram of FIG. 3, as the
temperature up to which the electricity generation
amount E sharply rises with increase in the cooling water
temperature Tc, that is, high electricity generation effi-
ciency is achieved, and this temperature 130°C is set as
the preset temperature Ts. It is therefore possible to ef-
ficiently increase the amount of electricity generated by
the electricity generator 30 and thus the energy recovery
amount of the waste heat utilization device.
[0067] According to the aforementioned flow rate con-
trol, moreover, the preset temperature Ts is set to a tem-
perature lower than the temperature at which the cooling
water is completely evaporated. Accordingly, the addi-
tives in the cooling water are not deposited inside the
exhaust gas heat exchanger 8, thus reliably preventing
lowering in the heat transfer performance of the exhaust
gas heat exchanger 8 due to the deposited additives as
well as lowering in the corrosion inhibition performance
of the cooling water. It is therefore possible to reliably
increase the energy recovery amount of the waste heat
utilization device.
[0068] A second embodiment of the present invention
will be now described.
[0069] FIG. 4 schematically illustrates a waste heat uti-
lization device for an internal combustion engine accord-
ing to the second embodiment.
[0070] The second embodiment differs from the first
embodiment in that the heat exchange section of the ex-
haust gas heat exchanger 8 is divided into two parts. In
the other respects, the configuration of the second em-
bodiment is identical with that of the first embodiment.
[0071] The heat exchange section of the exhaust gas
heat exchanger 8 is divided into a first heat exchange
section 8A and a second heat exchange section 8B,
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which are successively arranged along the flowing direc-
tion of the cooling water. A gas-liquid separator 38 is
inserted between the first and second heat exchange
sections 8A and 8B.
[0072] The gas-liquid separator 38 separates the cool-
ing water delivered from the first heat exchange section
8A into gas and liquid phases, and returns only the liquid-
phase cooling water containing the additives to the inlet
of the evaporator 12 through a return passage 40 extend-
ing therefrom to the inlet of the evaporator 12 (gas-liquid
separation means).
[0073] The temperature sensor 20 is attached to a pas-
sage between the first heat exchange section 8A and the
gas-liquid separator 38, to detect the cooling water tem-
perature Tc at the outlet of the first heat exchange section
8A. In accordance with this cooling water temperature
Tc, the flow rate control is performed to regulate the flow
rate Fe of the cooling water flowing into the exhaust gas
heat exchanger 8.
[0074] Thus, in the second embodiment, the degree
to which the refrigerant is superheated in the RC circuit
6 can be raised to significantly increase the amount of
energy recovered by the waste heat utilization device,
like the first embodiment.
[0075] In particular, according to the second embodi-
ment, the cooling water, that is, the vapor from which the
additives have been separated out by the gas-liquid sep-
arator 38, can be additionally heated in the second heat
exchange section 8B up to temperatures above the dep-
osition temperature of the additives, to produce super-
heated vapor. Accordingly, the temperature Tc of the
cooling water flowing into the superheater 10 can be
raised to the maximum while at the same time preventing
deposition of the additives inside the exhaust gas heat
exchanger 8 as well as lowering in the corrosion inhibition
performance of the cooling water.
[0076] A third embodiment of the present invention will
be now described.
[0077] FIG. 5 schematically illustrates a waste heat uti-
lization device for an internal combustion engine accord-
ing to the third embodiment.
[0078] According to the third embodiment, the flow reg-
ulating valve 36 is inserted in the passage leading to the
exhaust gas heat exchanger 8, as distinct from the first
embodiment. In the other respects, the configuration of
the third embodiment is identical with that of the first em-
bodiment.
[0079] Specifically, the bypass passage 34 branches
off from a passage (first passage) 5d of the circulation
path 5 connecting between the engine 2 and the exhaust
gas heat exchanger 8, and the flow regulating valve 36
is inserted in a portion of the passage 5d closer to the
exhaust gas heat exchanger 8 than the branching point
from which the bypass passage 34 diverges.
[0080] The ECU 32 outputs a drive signal to the driving
section of the flow regulating valve 36 in accordance with
the input signal from the temperature sensor 20, to exe-
cute flow rate control similar to those of the foregoing

embodiments (flow rate control means).
[0081] During the flow rate control, the flow regulating
valve 36 is controlled so as to operate in a manner reverse
to that of the flow regulating valve 36 of the foregoing
embodiments. Specifically, when the cooling water tem-
perature Tc is higher than or equal to the preset temper-
ature Ts (Tc ≥ Ts) and thus it is judged that the relation
Tc ≥ Ts is fulfilled, the flow regulating valve 36 is driven
in the valve opening direction to increase the flow rate
Fe of the cooling water flowing into the exhaust gas heat
exchanger 8, and when it is judged that the relation Tc ≥
Ts is not fulfilled, the flow regulating valve 36 is driven in
the valve closing direction to decrease the flow rate Fe
of the cooling water flowing into the exhaust gas heat
exchanger 8, so that the flow ratio R may be about 11%
when the cooling water temperature is equal to the preset
temperature Ts of 130°.
[0082] Thus, according to the third embodiment, the
degree to which the refrigerant is superheated in the RC
circuit 6 can be heightened to substantially increase the
energy recovery amount of the waste heat utilization de-
vice, like the foregoing embodiments.
[0083] In the third embodiment, the flow rate control is
performed in the same manner as in the above embod-
iments such that the cooling water is made to flow into
the exhaust gas heat exchanger 8 at a small flow rate
with the flow ratio R set to about 11%. Since, in the third
embodiment in particular, the flow regulating valve 36 is
inserted in the portion of the passage 5d closer to the
exhaust gas heat exchanger 8 than the branching point
from which the bypass passage 34 diverges, the effective
flow area of the flow regulating valve 36 may be small,
compared with the case where the flow regulating valve
36 is inserted in the bypass passage 34, whereby the
flow regulating valve 36 can be reduced in size. It is there-
fore possible to reduce the costs of the flow regulating
valve 36, the cooling water circuit 4 and thus the waste
heat utilization device.
[0084] A fourth embodiment of the present invention
will be now described.
[0085] FIG. 6 schematically illustrates a waste heat uti-
lization device for an internal combustion engine accord-
ing to the fourth embodiment.
[0086] The fourth embodiment differs from the third
embodiment in that the flow regulating valve 36 is re-
placed by a linear pump 42. In the other respects, the
configuration of the fourth embodiment is identical with
that of the third embodiment.
[0087] The linear pump 42 is an electric pump having
a driving section electrically connected to the ECU 32 so
that the linear pump 42 may be driven linearly in accord-
ance with the cooling water temperature Tc detected by
the temperature sensor 20.
[0088] The ECU 32 outputs a drive signal to the driving
section of the linear pump 42 in accordance with the input
signal from the temperature sensor 20, to perform flow
rate control similar to those executed by the above em-
bodiments (flow rate control means).
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[0089] During the flow rate control, the linear pump 42
is controlled in the following manner: When the cooling
water temperature Tc is higher than or equal to the preset
temperature Ts (Tc ≥ Ts) and thus it is judged that the
relation Tc ≥ Ts is fulfilled, the rotating speed of the linear
pump 42 is raised to increase the flow rate Fe of the
cooling water flowing into the exhaust gas heat exchang-
er 8, and when it is judged that the relation Tc ≥ Ts is not
fulfilled, the rotating speed of the linear pump 42 ifs low-
ered to decrease the flow rate Fe of the cooling water
flowing into the exhaust gas heat exchanger 8, so that
the flow ratio R may be approximately 11% when the
cooling water temperature is equal to the preset temper-
ature Ts of 130°.
[0090] In this manner, according to the fourth embod-
iment, the degree of superheating of the refrigerant in
the RC circuit 6 can be raised to significantly increase
the amount of energy recovered by the waste heat utili-
zation device, like the foregoing embodiments.
[0091] Especially, in the fourth embodiment, even
when the cooling water pump 18 is stopped due to stop-
page of the engine 2, the linear pump 42 can be operated,
in place of the cooling water pump 18, to circulate the
cooling water through the exhaust gas heat exchanger
8 if the cooling water present in the exhaust gas heat
exchanger 8 is at a temperature higher than or equal to
the preset temperature Ts. It is therefore possible to avoid
a situation where the exhaust gas heat exchanger 8 is
excessively heated by the residual heat of the exhaust
gas because the cooling water is not circulated through
the exhaust gas heat exchanger 8 due to stoppage of
the cooling water pump 18, thereby preventing damage
to the exhaust gas heat exchanger 8. Since the exhaust
gas heat exchanger 8, the cooling water circuit 4 and
thus the waste heat utilization device can be protected,
operation reliability of the waste heat utilization device
can be ensured.
[0092] A fifth embodiment of the present invention will
be now described.
[0093] FIG. 7 schematically illustrates a waste heat uti-
lization device for an internal combustion engine accord-
ing to the fifth embodiment.
[0094] The fifth embodiment differs from the fourth em-
bodiment in that a pressure reducing valve 44 is inserted
in the circulation path 5 to be located between the super-
heater 10 and the evaporator 12 of the cooling water
circuit 4, and that a check valve 46 is inserted in a portion
of the passage 5d closer to the exhaust gas heat ex-
changer 8 than the linear pump 42 is. In the other re-
spects, the configuration of the fifth embodiment is iden-
tical with that of the fourth embodiment.
[0095] Specifically, the pressure reducing valve 44 is
inserted in a passage (second passage) 5e of the circu-
lation path 5 connecting between the superheater 10 and
the evaporator 12, to reduce the pressure P of the cooling
water delivered from the superheater 10 to a preset pres-
sure Ps so that the cooling water with the reduced pres-
sure Ps may be supplied to the evaporator 12.

[0096] The check valve 46 is inserted in that portion of
the passage 5d which is closer to the exhaust gas heat
exchanger 8 than the linear pump 42 is, to prevent the
cooling water from flowing backward from the exhaust
gas heat exchanger 8 to the linear pump 42.
[0097] In this manner, according to the fifth embodi-
ment, the degree to which the refrigerant is superheated
in the RC circuit 6 can be raised to significantly increase
the amount of energy recovery by the waste heat utiliza-
tion device, like the foregoing embodiments.
[0098] Especially, in the fifth embodiment, even if the
cooling water boils while the linear pump 42 is operating,
the boiling cooling water is condensed by the superheater
10 and is then supplied to the evaporator 12 after the
pressure thereof is reduced by the pressure reducing
valve 44. Accordingly, the design of circuit withstanding
pressure, which has to be based on the assumption that
the cooling water boils in the exhaust gas heat exchanger
8, is needed only for a segment of the circulation path 5
extending from the linear pump 42 to the pressure reduc-
ing valve 44 and including the exhaust gas heat exchang-
er 8 and the superheater 10.
[0099] Also, even if the linear pump 42 is stopped while
the cooling water present in the exhaust gas heat ex-
changer 8 is boiling, reverse flow of the boiling cooling
water from the exhaust gas heat exchanger 8 to the linear
pump 42 can be reliably prevented. Thus, since the cool-
ing water circuit 4 and thus the waste heat utilization de-
vice can be reliably protected with ease, the operation
reliability of the waste heat utilization device can be easily
secured.
[0100] While the various embodiments of the present
invention have been described above, it is to be noted
that the present invention is not limited to the foregoing
embodiments alone and may be modified in various ways
without departing from the spirit and scope of the inven-
tion.
[0101] For example, in the above embodiments, the
waste heat utilization device is mounted on the motor
vehicle equipped with the engine 2 as a drive source.
Alternatively, the waste heat utilization device may be
mounted on a hybrid vehicle of which the drive source is
constituted by the combination of the engine 2 and an
electric motor, not shown. In the hybrid vehicle, the en-
gine 2 is frequently stopped each time the drive source
of the vehicle is switched from the engine 2 to the electric
motor, with the result that the cooling water pump 18 is
also frequently stopped. According to the aforemen-
tioned fourth and fifth embodiments in particular, since
the flow rate control is executed by using the linear pump
42 as stated above, the cooling water circuit 4 and thus
the waste heat utilization device can be reliably protected
with ease, providing the advantage that the operation
reliability of the waste heat utilization device can be se-
cured.
[0102] Explanation of Reference Signs

2 engine (internal combustion engine)

15 16 



EP 2 320 058 A1

10

5

10

15

20

25

30

35

40

45

50

55

3 cylinder block (engine body)
4 cooling water circuit
5 circulation path for cooling water
5d passage (first passage)
5e passage (second passage)
6 Rankine cycle
7 circulation path for working fluid
8 exhaust gas heat exchanger
8A first heat exchange section
8B second heat exchange section
10 superheater
12 evaporator
18 cooling water pump
20 temperature sensor (temperature detection

means)
22 expander
24 condenser
28 pump
30 electricity generator
32 ECU (flow rate control means, target temperature

setting means)
34 bypass passage (flow rate control means)
36 flow regulating valve (flow rate control means)
38 gas-liquid separator (gas-liquid separation

means)
40 return passage (gas-liquid separation means)
42 linear pump (flow rate control means)
44 pressure reducing valve
46 check valve

Claims

1. A waste heat utilization device for an internal com-
bustion engine, comprising:

a cooling water circuit including a circulation
path for circulating cooling water therethrough
via the engine, and an exhaust gas heat ex-
changer inserted in the circulation path to cause
heat to transfer from exhaust gas discharged
from the engine to part of the cooling water which
has been heated while cooling a body of the en-
gine, to additionally heat the cooling water; and
a Rankine cycle including a circulation path for
circulating a working fluid therethrough, an
evaporator for causing heat to transfer from the
cooling water delivered from the engine to the
working fluid to evaporate the working fluid, a
superheater for causing heat to transfer from the
cooling water delivered from the exhaust gas
heat exchanger to the working fluid delivered
from the evaporator to superheat the working
fluid, an expander for expanding the working flu-
id delivered from the superheater to produce
driving force, a condenser for condensing the
working fluid delivered from the expander, and
a pump for feeding the working fluid delivered

from the condenser to the evaporator, wherein
the evaporator, the superheater, the expander,
the condenser and the pump are successively
inserted in the working fluid circulation path.

2. The waste heat utilization device according to claim
1, wherein the cooling water circuit further includes
flow rate control means for causing the cooling water
delivered from the engine to directly flow into the
evaporator while bypassing the exhaust gas heat ex-
changer and the superheater, to regulate a flow rate
of the cooling water flowing into the exhaust gas heat
exchanger.

3. The waste heat utilization device according to claim
2, wherein:

the cooling water circuit further includes temper-
ature detection means for detecting cooling wa-
ter temperature at an outlet of the exhaust gas
heat exchanger, and
the flow rate control means regulates the flow
rate of the cooling water flowing into the exhaust
gas heat exchanger in accordance with the cool-
ing water temperature detected by the temper-
ature detection means.

4. The waste heat utilization device according to claim
3, wherein the flow rate control means increases the
flow rate of the cooling water flowing into the exhaust
gas heat exchanger when the cooling water temper-
ature detected by the temperature detection means
is higher than or equal to a preset temperature, and
decreases the flow rate of the cooling water flowing
into the exhaust gas heat exchanger when the cool-
ing water temperature detected by the temperature
detection means is lower than the preset tempera-
ture.

5. The waste heat utilization device according to claim
4, wherein:

the expander is coupled with an electricity gen-
erator for converting the driving force produced
by the expander to electric power, and
the flow rate control means includes target tem-
perature setting means for setting, as the preset
temperature, a cooling water temperature cor-
responding to a predetermined target electricity
generation amount, in accordance with a char-
acteristic relation between the cooling water
temperature detected by the temperature detec-
tion means and an amount of electric power gen-
erated by the electricity generator.

6. The waste heat utilization device according to claim
5, wherein the target temperature setting means
sets, as the preset temperature, a temperature lower
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than a deposition temperature of an additive added
to the cooling water.

7. The waste heat utilization device according to claim
6, wherein:

the exhaust gas heat exchanger includes a first
heat exchange section and a second heat ex-
change section successively arranged along a
flowing direction of the cooling water,
the temperature detection means detects the
cooling water temperature at an outlet of the first
heat exchange section, and
the cooling water circuit further includes gas-liq-
uid separation means inserted between the first
and second heat exchange sections for sepa-
rating out a vapor produced as a result of evap-
oration of the cooling water in the first heat ex-
change section and for delivering the separated
vapor to an inlet of the second heat exchange
section.

8. The waste heat utilization device according to claim
4, wherein:

the cooling water circuit further includes a cool-
ing water pump driven by the engine to circulate
the cooling water through the cooling water cir-
culation path, and
the flow rate control means includes a bypass
passage branching off from a first passage con-
stituting part of the cooling water circulation path
and connecting between the engine and the ex-
haust gas heat exchanger, to allow the cooling
water delivered from the engine to directly flow
into the evaporator while bypassing the exhaust
gas heat exchanger and the superheater, and a
linear pump inserted in a portion of the first pas-
sage closer to the exhaust gas heat exchanger
than a branching point from which the bypass
passage diverges, the linear pump being con-
figured to be driven linearly in accordance with
the cooling water temperature detected by the
temperature detection means, wherein rotating
speed of the linear pump is increased when the
cooling water temperature detected by the tem-
perature detection means is higher than or equal
to the preset temperature, and is decreased
when the cooling water temperature detected
by the temperature detection means is lower
than the preset temperature.

9. The waste heat utilization device according to claim
8, wherein the cooling water circuit further includes
a second passage constituting part of the cooling
water circulation path and connecting between the
superheater and the evaporator, and a pressure re-
ducing valve inserted in the second passage.

10. The waste heat utilization device according to claim
9, wherein the cooling water circuit further includes
a check valve inserted in a portion of the first passage
closer to the exhaust gas heat exchanger than the
linear pump is, for preventing reverse flow of the cool-
ing water from the exhaust gas heat exchanger to-
ward the linear pump.
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